Ab initio (RHF/3-21G*) calculations on Sn[(SePR 2 )2N] 2 (R=H) suggest that tin coordinated by four selenium atoms does not have a strong preference either for square planar nor for pyramidal geometry. According to the semiempirical PM3 calculations performed at the experimental geometries of Sn[(SePPh 2 ) 2 N] 2 it is most likely that the isomer containing the planar Sn(II) is stabilized by π-π interactions between the interlocked phenyl rings.
Introduction
Recently we reported [I] the synthesis and structural characterization of Sn[(SePPh 2 ) 2 N] 2 (I), which corresponds to the first example of a Sn(II) square planar molecular compound. During the process of crystall growing, it was possible to obtain some red crystals (II) which proved to be the Ψ-tetragonal pyramid geometrical isomer of (I). The R 2 P(X)NPR 2 (X)" (X = 0,S,Se) imidodiphosphinato systems are extremly interesting ligands. Thus, the easy deformable PNP angle, along with the large bite distance X....X and the wide degree of conformational freedom of the M-X-P angle afford unusual structures like those of the anhydrous lanthanide complexes [2] , the tetrahedral core MS4 (M = Ni,Fe) [3, 4] or the square planar Te(S 2 PNP) 2 [5] . These ligands are also suitable to test the presence of a stereochemically active lone pair, through the comparison between the structures of Ga(III) or In(III) complexes (without lone pairs at metal) with those of Sb(IIl) and Bi(III) ones (with lone pairs at the metal center). The discovery of a new type of geometry for such a common metal also in a common oxidation state as Sn(II) opens the question about why I is square planar and which forces are responsible for its stabilization. In this paper, the title compound and various models have been investigated by means of semiempirical (PM3) [6] and ab initio (RHF/3-21G*) molecular orbital calculations by using MOLEK QOOO [7] and GAMESS [8] packages of programs. Semiempirical (PM3) and single point RHF/3-21G* ab initio calculations are not "state of the art" of the theoretical calculations for such systems containing heavy elements, but can offer a crude view on the bonding at a relatively low cost.
Results and discussion
Planar tetracoordinate carbon has been the target of many synthetic works in the last two decades [9] [10] , Stabilization of such systems requires δ donor or π acceptor ligands [10] [11] , Presently, there is known only a relatively small number of structures in which a carbon atom is trully planar [9] [10] . The difference between the energy of a tetrahedral and square planar EHj system decreases in going down in group 14. This trend is related to the ns-np separation and is supported by RHF/3-21G ab initio calculations [12] [13] [14] [15] , Such data suggest that tin is a much better candidate for square planar co-ordination than carbon. It is thus quite curious that for the time being, there is known only a very limited number of examples with planar tin(IV) [15] . The first example of a tin(II) square planar compound is that of the bis(imidotetraphenyldiselenodiphosphinoSe,Se') tin(II) [1] which has been separated in solid state as yellow crystalls (I). From the same synthesis a red modification (II) with pyramidal tin atoms has been also isolated. Contrastingly to (I) the structure of [Sn{N(0PPh 2 ) 2 0,0'} 2 ] 2 has a TBP structure and is fluxional in solution [16] , Noteworthy, in the cubic form of the tin(II)selenide, SnSe, the tin atom is situated in the middle of a regular octahedron [17] . In order to check the preference of the title compound for planar or pyramidal geometry around the tin atoms, the Walsh diagram of Sn[(SePH 2 ) 2 N] 2 has been constructed on the basis of RHF/3-21G ab initio single point calculations at SnSe bond length fixed at the experimental values. The symmetry of the models has been fixed to Q, which is higher than in I or II. The variation of the energy of HOMO, LUMO and of their neighbours is shown in Figure 1 . The essential result from this picture is that the HOMO of these systems does not change too much during the pyramidalization, unless a severe pyramidalization is attained. Similar results have been found by using the ZINDO/1 method by Woollins [18] . Thus one can suppose that once formed, the planar isomer should be stable to some extent (as the slope of the HOMO is quite small when the SeSnSe' angle is int the 180°-160° range. The shape and composition of the HOMO (a) is also illustrative for these arguments. Thus, the main contribution to HOMO is from the tin p z orbital. The relatively low variation of the energy of HOMO when the trans Se'SnSe angle decreases from 180° to ca 160° is related to the small overlap between the tin p z orbital and the four hybrids coming from selenium atoms. Large deformation from planarity however (like those found in II) makes these overlaps larger and stabilizes the pyramidal configuration. Note also that the corresponding orbital for the oxygenated model Sn[(OPH 2 ) 2 N] 2 affords a better Sn(pz)-O(hybrid) overlap and this in turn makes any deformation from planarity more favourable for the Sn0 4 moiety than for SnSe 4 . For the present time, tin atoms coordinated by sulfur [19] or oxygen (like in SnO for example [20] ) are all pyramidal.
A PM3 analysis of the Sn[(SePR 2 ) 2 N] 2 .
In the crystal structure of (I) there are pairs of molecules with the SnSe 2 PN rings in chair-chair (A) and twistchair (B) conformations while in II, this rings are in the bath form . Table 1 lists the PM3 calculated enthalpies of formation of these Systems (R = H, Ph) [21] . For I the enthalpies of formation of the AB pair has been also calculated and the difference ΔΔΗ = ΔΗ(ΑΒ)-ΔΗ(Α) -ΔΗ(Β) is taken as a measure of the interactions between A and B. For the model systems (R = H) the chair-chair form (A) has the lowest enthalpy of formation and is thus slighltly favorized over the pyramidal form II (which has a higher enthalpy by 4.13 kacl/mol); the less favorized conformation is the twist-chair (B) form (+7.50 kcal/mol relatively to Α). ΔΔΗ for I (R = H) is 9.46 kcal/mol which suggests that the composed model system AB is somewhat destabilized over two isolated A and Β systems.
Vol. 22, No. 1, 1999 Why In case of the Ph substituted rings, again the chair-chair form A has the lowest enthalpy and the pyramidal izomer (II) is 33.69 kcal/mol higher. The izolated twist-chair izomer (B) has a much higher enthalpy than A (+99.44 kcal/mol relative to A). Thus, the trends are the same as for the Η substituted rings: the chair-chair (A) conformer seems to be the most stable followed by the pyramidal form and than comes the twist-chair form (B). The sum of the enthalpy of formation of A and Β (R = Ph) however, is smaller than the enthalpy of formation of the AB pair (i.e the smallest unit found in the unit cell of I) by -9.35 kcal/mol (the reverse is true for R=H). This suggests that for the Ph substituted rings there are some attractive π-π interactions between the chair-chair and twist-chair systems. Note that π-π interaction between two benzene molecules has been estimated to be arround 2 kcal/mol [22, 23] , With 4 phenyl rings, partially interlocked, AB should be ca 8 kcal/mol more stable than 2 isolated pyramidal A and Β molecules, which is in reasonable agreement with the results of our PM3 calculation. Similar interactions beween phenyl rings has been noted in many crystal structures of tetrarylphosphonium cations and are responsible for the supramolecular association of such systems [24] .
